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Many types of the improved confinement states 
have been found in toroidal plasmas. Among the variety of 
the improved confinement states, the H-mode in tokamaks 
has been studied most intensively. The bifurcation models of 
the electric field have been proposed to explain the physics 
of the H-mode transition and the LIH transition. Through 
evolution of research, it is widely recognized that the 
structure of the radial electric field influences on the various 
improved confinement modes.Nevertheless, quantitative 
analysis of the generation and the structure of the radial 
electric field in such plasmas is far from satisfactory. The 
investigation of the confinement improvement mechanisms 
has also been done for the helical plasmas. The formation of 
the radial electric field in helical systems could be 
investigated more quantitatively, because the neoclassical 
transport is found to play the dominant roles in generating 
the radial electric field. Recently, the internal transport 
barrier has been found in the Electron Cyclotron Resonance 
Heating (ECRH) plasma in CHS device. The various types 
of the potentials have been obtained. In W7-AS, the studies 
of the change of the electron transport triggered by the 
neoclassical transport has been also done theoretically and 
experimentally. More recently, the change of the anomalous 
transport in the central region has also been reported in W7-
AS. 
To study the existence of the transport barrier in 
the experimental conditions of helical plasmas, the 
investigation of the electric field bifurcation is needed. The 
interface of domains with different electric field polarities has 
been pointed out theoretically for helical plasmas. It is well 
known that the neoclassical transport is dominant in the 
bipolar part of th~ particle flux in helical plasmas and the 
multiple solutions of the ambipolar condition are allowed. 
In addition, there is the difference between the bifurcations 
under the fixed-gradient condition and the fixed-flux 
condition. Dynamics and structure of the transport barrier 
have been examined by use of the analytical model. The 
internal transport barrier in heliotron plasmas, which is 
induced due to the electric field bifurcation, was theoretically 
studied based on the zero-dimensional model. To study the 
interface of neighboring domains with different electric 
polarity, the one-dimensional transport analysis is needed. 
The possibility for the transport barriers (the edge transport 
barrier and the internal transport barrier) has been discussed 
based on the bifurcation model of the electric field; We have 
examined a set of one-dimensional transport equations which 
constitute the temporal evolution of the temperature and the 
diffusion equation the radial electric field in a slab plasma. 
However, this study is limited within the analysis in the 
edge region and the studies of the internal transport barrier in 
the central region are needed. 
In this study, we examine the four (one-
dimensional) transport equations which describe the temporal 
evolutions of the density, the electron and ion temperatures, 
and the radial electric field in a cylindrical heliotron 
configuration to examine the detailed structure and the 
dynamics of the electric domain quantitatively. A numer~cal 
formula· for the non-axisymmetric part of the neoclassical 
flux is adapted. The electric field domain is studied in helical 
plasmas. The anomalous transpor~ process is .assumed to be 
ambipolar, because the electnc field forma~wn due to the 
neoclassical transport is considered to be dommant compared 
to that due to the anomalous transport. This is confirmed by 
the present observations in experiments. The impact ~f the 
possible bipolar part of the anomalous transport ~Ill be 
studied in the future study. Various types of potentials are 
reproduced, depending on the value of density and the ratio of 
the ion temperature to the electron temperature. We study 
the radial profile of the electric field and examine the states 
in which the electric domain exists. We also show the 
condition for the hard transition where the flux is the 
continuous function of the plasma radius. The hard type 
transition is accompanied by the spatial rapid change of the 
radial electric field Er when the multiple solutions of the 
ambipolar condition exist. In Fig. 1, the har~ transition ~n 
the radial profile of Er is shown and the ambipolar elec~nc 
field is also shown with the circle marks. The states which 
associate with the internal transport barrier are studied in the 
profile of the temperature. The soft transition o~curs wi~h 
the temporal and/or spatial slow change of the radial e~ectr~c 
field when only one solution exists. The effect of the mertia 
with the temporal change of the heating power on the 
location of the electric domain is examined. We compare the 
structures of the potentials in the case of the soft and hard 
transitions. 
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Fig.1 Profile of the radial electric field with the hard 
transition 
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